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SOLVENT FREE PHOTORESIST STRIP AND RESIDUE REMOVAL 
PROCESSING FOR POST ETCHING OF LOW-K FILMS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] Aspects of the present invention generally relate to a photoresist strip and 
residue removal process. 

Description of the Related Art 

[0002] As feature sizes have become smaller and multilevel nrietallization 
commonplace in Integrated circuits, low dielectric constant films have become 
Increasingly important. Generally, smaller features and longer interconnects cause the 
capacitance between metal lines to increase. Increases in interconnect capacitance 
may lead to resistance-capacitance ("RC") delay time and hamper the circuits 
efficiency. Dielectric films with a low dielectric constant have been found to reduce the 
interconnect capacitance and reduce the device power consumption. 

[0003] Many approaches to lower dielectric constants have been proposed. One of 
the more promising solutions Is using carbon containing inter-metal dielectric ("IMD") 
films. An example of carbon containing IMD films is an IMD film deposited from 
organosilicon compounds such as organosilanes and organosiloxanes. The resulting 
carbon doped oxide films generally have dielectric constants ("k") of less than 4.0 and in 
some cases less than 3.0. These films are generally softer than conventionail dielectric 
films and more porous, having molecular sized holes with diameters between about 5-7 
angstroms. 

[0004] One challenge the industry faces in employing these low-k films is preventing 
the dielectric constant from increasing as a result of subsequent processing of the 
wafer, e.g., by oxidizing carbon in the low-k film during the removal of a photoresist. 
Generally, removal of the photoresist is part of a multi-step pattem transfer process 
known as photolithography. Typically, the dielectric layer is coated with a light sensitive 
material called a photoresist. An image of a mask containing the desired pattern is 



transferred to the photoresist. The photoresist is developed to define the desired 
pattern in the photoresist. Thereafter, the pattern is transferred from the photoresist to 
the dielectric layer by an etch process that selectively removes dielectric relative to the 
photoresist. After the dielectric layer is patterned, the photoresist has served its 
purpose and is usually removed. 

[0005] Conventional photoresist removal methods include dry stripping and wet 
clean processes. The wet clean process typically conteins solvents designed to remove 
inorganic residues and contaminants such as hydroxylamines or amines. The dry 
stripping process, also known as ashing, typically uses oxygen plasma to react with the 
photoresist to form volatile gases that are removed from the chamber by a vacuurti 
pump. Dry processes have a number of advantages over the wet strip process 
including the reduced cost of using and handling chemical solvents. However, 
conventional ashing processes are ineffective for removing etch residues and sputtered 
metal by-products. As a result, the conventional photoresist removal sequence typically 
consists of a combination of a dry strip process using oxygen to remove the bulk of the 
photoresist layer and a wet clean process to remove the residues and metal 
contaminants. The conventional sequence further includes an anneal step to remove 
any moisture resulting from the wet strip. 

[0006] It has been found that the conventional photoresist removal sequence 
negatively affects the low-k film by increasing its dielectric constant and/or causing via 
poisoning. The mechanism for the negative effect is not well understood. Generally, 
films that are more porous tend to have a lower dielectric constant. It is believed that 
the reagents used in the wet clean process may fill the molecular holes of the low-k film 
and effectively increase the dielectric constant. For example, a wet cle^n process 
performed on a doped silicon oxide low k film using a solvent such as EKC 265 showed 
moisture trapped in the film. Additionally, it is known that moisture increases a film's 
dielectric constant. Further, moisture or solvent trapped in the film may react with the 
dielectric. The reagents soaked into the low-k film may outgas in subsequent high 
temperature processing, leading to metal contact resistance problems. Furthermore, via 
holes may be partially filled with residue resulting from interactions between the post- 
etch residue and the solvent. It Is believed that some or all of these factors contribute to 
the increase of the low-k film's dielectric constant. 



3 



[0007] Therefore, there is need for a method to strip photoresist deposited on a 
low-k film with minimal effect on the dielectric constant of the low-k material and the 

integrity of the via. It would be desirable for the method to eliminate the wet strip 

process to lower cost and avoid solvent handling. 

SUMMARY OF THE INVENTION 

[0008] In one aspect of the invention, a method for stripping photoresist on a low-k 
film is provided. Generally, after the bulk of the photoresist is removed using a dry strip 
process, the residue remaining on the low-k film may be removed by a plasma mixture 
of hydrogen and water. The method provides a dry strip process to remove the 
photoresist from the low-k film thereby eliminating the need for a wet clean step. 

[0009] In another aspect of the invention, the photoresist and the residue may by 
removed by the hydrogen and water plasma mixture In a single step. The process may 
be performed at a temperature range between about 150°C and about 450°C. 
preferably about asCC, and a power range between about 500 W and about 3000 W, 
preferably about 1400 W. 

[0010] In still another aspect of the invention, before the photoresist is removed, etch 
by-products resulting from etching the photoresist may be removed by a chemical 
additive and either a hydrogen and water plasma mixture or an oxygen plasma. The 
chemical additive may be a fluorine containing gas, such as CFa, in the amount of about 
0.1% and about 10 % of total volume, preferably about 2%. Alternatively, a physical 
additive such as a soft bias may be applied prior to the bulk photoresist step to remove 
the etch by-products. After etch by-product removal, the photoresist is stripped using a 
plasma mixture of hydrogen and water. 

[0011] In still another aspect of the invention, after the photoresist and residue are 
removed, the low-k film is processed prior to subsequent processing to improve the 
film's properties. The processing includes exposing the low-k film to the hydrogen and 
water plasma mixture at a power range between about 100 W and about 1000 W. 
preferably about 500 W, and a temperature range between about 150°C and about 
450''C, preferably about 250*'C. 
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[0012] In still another aspect of the invention, stripping the photoresist and 
improving the low-k film properties are perfomried in a one step process by exposing 
the photoresist to a plasma mixture of hydrogen and water at a power range between 
about 300 W and 3000 W, preferably 500 W, and a temperature range between about 
ISO^'C and about 450*'C, preferably about 250'*C. The photoresist Is exposed to the 
plasma for about 30 seconds and about 180 seconds, preferably between about 45 
seconds and about 120 seconds, and most preferably about 60 seconds. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0013] The present invention provides a method for photoresist strip and residue 
removal on a low-k film. In particular, the invention removes photoresist and residue 
with minimal effect on the dielectric constant of the low-k film and the integrity of the via. 
Furthermore, the embodiments of the invention provide a dry process for removing 
photoresist and residue on low-k films. 

[0014] The exemplary embodiments of the present invention are directed to a 200 
mm sized wafer. The exemplary embodiments are provided only to illustrate the present 
invention and should not be used to limit the scope of the present Invention. The 
present Invention may be applied to wafers of other known size without departing from 
the scopes of the present invention. For example, the embodiments of the present 
invention may be applied to a 300 mm sized wafer by increasing the process 
parameters such as the plasma flow and power ranges by about 2.25 times higher than 
the ranges for a 200 mm wafer. Further, the aspects of the present invention may be 
applied to conventional dielectric films having a relatively higher dielectric constant. 

First Embodiment 

[0015] In one embodiment of the present invention, the photoresist is stripped by a 
downstream plasma mixture of hydrogen and water. The hydrogen is supplied at a flow 
rate between about 1000 seem and about 5000 seem, preferably about 3000 seem, and 
a minority component of water vapor is supplied at a flow rate between about 10 seem 
and about 1 000 seem, preferably about 1 50 seem. Initially, a downstream plasma of the 
gas mixture is generated in the plasma generating zone of a downstream plasma strip 
chamber. Thereafter, the excited gas mixture moves Into a processing zone of tiie strip 
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chamber for processing. 

[0016] The stripping conditions include a temperature between about ISO^C and 
about 450°C, preferably about 250°C, and a power between about 500 W and about 
3000 W, preferably about 1400 W. The photoresist is exposed to the plasma from 
about 30 seconds to about 180 seconds, preferably about 45 seconds to 120 seconds, 
and most preferably about 60 seconds. 

[0017] It is believed that the hydrogen radicals in the plasma remove hydrogen from 
the photoresist and generate free-radical sites, which react further to fragment the 
photoresist. Further, the addition of a minority component of water vapor increases the 
concentration of the hydrogen radical which enhances the stripping reaction to provide 
acceptable reaction rates. 

[0018] This step also removes residue generated from the process. Although the 
mechanism for residue removal is not well understood, it is believe that the organic 
components of the residue are removed in the same manner as the photoresist. The 
Inorganic material in the residue is primarily SixOy. which may be reduced by the 
hydrogen and made Into volatile SIH4. 

[0019] Following photoresist and residue removal, the low-k film may optionally be 
treated by the same plasma mixture to improve the film's properties for subsequent 
processing. One advantage of this treatment step is that it may be integrated in the 
same chamber with the photoresist removal process. The plasma power in this step is 
between about 100 W and about 1000 W. preferably about 500 W. The process 
temperature may be maintained between about 150»C and about 450°C, preferably 
about 250°C, and the process time may range from between about 30 seconds to about 
240 seconds, preferably about 60 seconds. The film treatment step anneals and 
passivates the low-k film. It is believed that the treatment reduces defects on the film 
caused by the photoresist removal step by repairing the material to create a more 
ordered structure. Consequently, the embodiment of the present invention strips the 
photoresist with minimal effect on the dielectric constant of the low-k film and the via. 
and eliminates the wet strip process. 

[0020] In the embodiments described, a downstream plasma is preferred over a 
plasma generated in the processing zone. Generally, a downstream plasma is 
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generated by a microwave or inductively coupled energy source in an area remote to 
tfie processing zone. For example, a downstream plasma strip chamber will typically 
liave two zones, a plasma generating zone connected to a processing zone. The 
processing gas is initially introduced into the plasma generating zone where a plasma 
generating source will deliver energy to generate the plasma. Thereafter, the plasma 
travels into the processing zone and distributed over the substrate. Downstream 
plasma poses a smaller risk of plasma induced device damage because the ions 
recombine quickly leaving only radicals to enter the processing area. Additionally, 
downstream plasma chambers do not add significant metal contamination that is 
typically seen in etch chambers where sputtering of chamber materials occurs. 
However, it must be noted that a plasma generated in the processing area may also be 
used without departing from the scope of the present invention. 

Example 1 

roo2n After a feature is etched, a 200 mm substrate comprising a low-k film is 
delivered in vacuum from an etch chamber to a downstream plasma strip chamber for 
photoresist removal. A hydrogen and water processing gas is delivered into the plasma 
generating zone of the strip chamber. The processing gas comprises hydrogen 
supplied at about 3000 seem and water vapor supplied at about 150 seem. After the 
plasma is generated, it is introduced into the processing zone of the strip chamber- The 
strip process proceeds at about 1400 W and about 250X for about 60 seconds. After 
the photoresist Is removed, the same plasma mixture is used to treat the low-k film 
before subsequent processing. The low-k film is exposed to the plasma for about 60 
seconds at a reduced power of about 500 W. The process effectively stripped the 
photoresist on the low-k film with minimal effect on the dielectric constant. 

Second Embodiment 

[0022] In another embodiment of the present invention, the bulk of the photoresist is 
stripped by an oxygen based plasma. The oxygen based plasrna can be a downstream 
plasma or a bias plasma. Stripping the bulk photoresist using a oxygen based bias 
plasma requires a low wafer temperature in the range of about O'^C and about 100°C, 
preferably about 20''C, and a bias power range between about 50 W and about 500 W, 
preferably about 200 W. The chamber pressure is between about 50 mT and 500 mT, 
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preferably about 80 mT. The oxygen plasma is supplied at a flow rate beween about 
100 seem and about 1000 seem, preferably about 250 seem. The photoresist is 
exposed to the oxygen plasma for about 20 seeonds to about 120 seeonds, preferably 
about 30 seconds and 60 seconds. It is believed that the oxygen plasma removes the 
photoresist by reacting with the organic material in the photoresist. Specifically, the 
oxygen radicals in the plasma abstract hydrogen from the organic based photoresist 
and generate a free radical site. Oxygen radicals react further with this free radical site 
to further breakdown the photoresist. The oxygen based bias plasma cleaning step can 
be incorporated as a post-etch step in the etch chamber to increase throughput and 
decrease manufacturing cost In another embodiment, nitrogen may be added to the 
oxygen plasma. For example, nitrogen may be added to constitute about 5-30% of the 
total plasma volume. 

[0023] Alternatively, the bulk photoresist can be stripped using a downstream oxygen 
based plasma in a temperature range of about 150X to about 450X, preferably about 
250^C, a high power range of about 500 W to about 3000 W, preferably about 1400 W, 
and a pressure range of about 500 mT and to about 5000 mT, preferably about 2000 
mT. The oxygen flow rate is between about 1000 seem and about 5000 seem, 
preferably about 3500 seem. The photoresist is exposed to the oxygen plasma for 
about 20 seconds to about 120 seconds, preferably about 30 seconds and 60 seconds. 
In another embodiment, nitrogen may be added to the oxygen based plasma to make 
up about 3-1 5% of the total plasma volume. 

[0024] Any remaining residues are removed in a subsequent plasma treatment step 
using a downstream plasma mixture of hydrogen and water. The hydrogen is supplied 
at a flow rate between about 1000 seem and about 5000 seem, preferably about 3000 
seem, and water vapor is supplied at a flow rate between about 10 seem and about 
1000 seem, preferably about 150 seem. The process is performed in a temperature 
range between about 150°C and about 450°C, preferably about 250°C. and a power 
range between about 500 W and about 3000 W, preferably about 1400 W. The low-k 
film is exposed to the plasma mixture for about 30 seeonds to about 180 seconds, 
preferably between about 45 seconds and about 120 sec, most preferably about 60 
seconds, to remove the residue. The residues are removed without performing a wet 
clean process. 
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[0025] Preferably, following photoresist removal, the low-k film is treated by ttie 
same plasma mixture to improve the film's properties for subsequent processing. The 
plasma power in this step is supplied in a range between about 100 W and about 1000 
W, preferably about 500 W. The process temperature may be maintained between 
about 1 50°C and about 450°C, preferably about 250°C, and the process time may range 
from between about 30 seconds to about 240 seconds, preferably about 60 seconds. 
Consequently, the present invention strips the photoresist with minimal effect on the 
dielectric constant of the low-k film and the via, and eliminates the wet strip process. 

Example 2 

[0026] After a feature is etched, a substrate comprising a low-k film is delivered to a 
process chamber for photoresist removal. An oxygen and nitrogen plasma mixture is 
generated in the process chamber by introducing oxygen at about 200 seem and 
nitrogen at about 50 seem. The chamber is biased at about 200 W and maintained at 
about 20*'C and about 80 mTorr. The substrate is exposed to the plasma mixture for 
about 80 seconds to remove the bulk of the photoresist. Thereafter, the substrate is 
transferred to a downstream plasma strip chamber. Any residue remaining on the low-k 
film is removed by a downstream plasma mixture of hydrogen and water at a power of 
about 1 400 W and a temperature of about 250°C. The film is exposed to the plasma for 
about 60 seconds. Thereafter, the same plasma mixture is used to treat the low-k film 
before subsequent processing. The low-k film lis exposed to the plasma for about 60 
seconds at a reduced power of about 500 W. 

Examples 

10027] Alternatively, a photoresist removal process using oxygen based plasma can 
be performed in a downstream plasma strip chamber in two steps. Initially, a 
downstream plasma comprising oxygen supplied at 3000 seem and nitrogen supplied at 
300 seem is delivered to the chamber. The strip chamber operates at about 1400 W 
and 250*'C. The substrate is exposed to the plasma for about 20 seconds. 

[0028] Any residue remaining on the low-k film is removed by a downstream plasma 
mixture of hydrogen and water at a power of about 1 400 W and a temperature of about 
250°C. The film is exposed to the plasma for about 60 seconds. Thereafter, the same 
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plasma mixture is used to treat the low-k film before subsequent processing. The low-k 
film is exposed to the plasma for about 60 seconds at a reduced power of about 500 

W. The process effectively removes the photoresist with minimal effect on the dielectric 

constant. 

Third Embodiment 

[0029] In another embodiment, the present invention may also remove the etch by- 
product on the photoresist after etching a feature. In conventional photolithography, a 
desired pattern Is defined in the photoresist for transfer to the surface layer. An etch 
process is used to transfer the pattern from the photoresist to the surface layer. This 
etch process typically results in by-products on the photoresist that requires removal. 
According to the present invention, the etch by-product may be removed by a plasma 
mixture of hydrogen, water, and a physical or chemical additive. Altematlvely, the etch 
by-product may be removed by an oxygen plasma and a physical or chemical additive. 
The chemical additive may be a fluorine containing gas such as CF4 of about 0.1% and 
about 10% of total flow, preferably about 1% and about 3%. The strip process witii ttie 
chemical additive may be performed at a temperature range between about 0°C and 
about 450°C, preferably about 250*C. Otiier fluorine containing gases that are suitable 
as a chemical additive include CH3F, CHF3, CH2F2, CaFe, CaFs, CaFe, and NF3. 

[0030] Alternatively, a physical additive such as a soft bias may be applied prior to 
tiie bulk strip step to remove the etch by-products at a power range between about 50 
W and about 500 W, preferably about 200 W, and a temperature range between about 
O'C and about 450''C, preferably between about O'C and about 100°C, and most 
preferably about 20''C. The process pressure ranges between about 500 mT and about 
5000 mT, preferably about 1000 mT and ttie substrate is process for about 10 seconds 
to 120 seconds, preferably about 15 seconds to about 30 seconds. Processing ttie 
substrate witti soft bias provides a high flux of ions to ttie substrate witii minimal 
bombardment energy. In both the chemical and physical embodiments, a low 
temperature is preferred for enhanced residue removal. 

[0031] After tiie etch by-product Is removed, the photoresist may be stripped by a 
downstream plasma mixture of hydrogen and water.. The hydrogen Is supplied at a flow 
rate between about 1000 seem and about 5000 seem, preferably about 3000 seem, and 
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a minority component of water vapor is supplied at a flow rate between about 1 0 seem 
and about 1000 scorn, preferably about 150 seem. The stripping process temperature 
ranges between about 150°C and about 450°C, preferably about 250°C. and tine power 
ranges between about 500 W and about 3000 W, preferably about 1400 W. The 
photoresist is exposed to the plasma from about 30 seconds to about 180 seconds, 
preferably about 45 seconds to about 120 seconds, and most preferably about 60 
seconds. The hydrogen/water plasma will not only remove the bulk of the photoresist, 
but also remove any remaining residue. 

[0032] Preferably, following photoresist removal, the low-k film is treated by the same 
plasma mixture to improve the film's properties for subsequent processing. The plasma 
power in this step is supplied in a range between about 100 W and about 1000 W. 
preferably about 500 W. The process temperature may be maintained between about 
150*'C and about 450X. preferably about 250°C, and the process time may range from 
between about 30 seconds to about 240 seconds, preferably about 60 seconds. 

Example 4 

[0033] After a feature is etched, the etch by-product is removed by an oxygen and 
CF4 plasma mixture. The oxygen is introduced at about 400 seem and CF4 is introdueed 
at about 10 seem. The plasma is biased at about 200 W and maintained at about 20''C 
and about 80 mTorr. The substrate was exposed to the plasma for about 1 0 seconds. 

[0034] Thereafter, the substrate is transferred to a downstream plasma strip 
chamber. A hydrogen and water plasma mixture is generated and delivered into the 
processing area. The plasma mixture is generated from a gas mixture of hydrogen 
supplied at about 3000 seem and water vapor supplied at about 150 seem. The strip 
process proceeds at about 1400 W and about 250°C for about 60 seconds. After the 
photoresist is removed, the same plasma mixture is used to treat the low-k film before 
subsequent processing. The low-k film is exposed to the plasma for about 60 seconds 
at a reduced power of about 500 W. The process effectively stripped the photoresist on 
the low-k film with minimal effect on the dielectric constant. 

Examples 

[0035] Alternatively, after a feature is etched, the etch by-product is removed by an 

11 



oxygen and nitrogen plasma mixture with soft bias. The oxygen is Introduced at about 
400 seem and nitrogen is introduced at about 50 seem. The plasma is biased at about 

200 W and maintained at about 20^C and about 1000 mTorr. The substrate was 

exposed to the plasma for about 1 0 seconds. 

roo36i Thereafter, the substrate is transferred to a downstream plasma strip 
chamber where a hydrogen and water plasma mixture generated remotely and 
delivered into the processing area. The plasma mixture is generated from a gas mixture 
of hydrogen supplied at about 3000 seem and water vapor supplied at about 150 seem. 
The strip process proceeds at about 1400 W and about 250^*0 for about 60 seconds. 
After the photoresist is removed, the same plasma mixture is used to treat the low-k film 
before subsequent processing, The low-k film is exposed to the plasma for about 60 
seconds at a reduced power of about 500 W. The process effectively stripped the 
photoresist on the low-k film with minimal effect on the dielectric constant. 

Fourth Embodiment 

[0037] In yet another embodiment of the invention, the photoresist is stripped by a 
downstream plasma mixture of hydrogen and water. The hydrogen is supplied at a flow 
rate between about 1000 seem and about 10,000 seem, preferably 3000 seem, and 
water is supplied at a flow rate between about 10 seem and about 1000 seem, 
preferably about 50 seem. The stripping process is performed In a temperature range 
between about 150*^0 and about 450''C, preferably about 250*^0, and a power range 
between about 300 W and 3000 W, preferably about 500 W. The photoresist Is 
exposed to the plasma for about 30 seconds to about 1 80 seconds, preferably about 45 
seconds to about 120 seconds, and most preferably about 60 seconds. The 
hydrogen/water plasma will not only remove the bulk of the photoresist, but also remove 
any remaining residue. Consequently, the dry strip process of this embodiment 
integrates the resist removal, residue removal, and film treatment into a single process 
step. 

Examples 

[0038] After a feature is etched, a substrate comprising a low-k film is delivered to a 
downstream plasma strip chamber for photoresist removal. A hydrogen and water 
plasma mixture is generated and delivered into the strip chamber. The plasma mixture 
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is generated from a gas mixture of hydrogen supplied at about 3000 scorn and water 
vapor supplied at about 50 scorn. The strip process proceeds at about 500 W and 
about 250°C for about 120 seconds. The process effectively stripped the photoresist on 
the low-k film in one step with minimal effect on the dielectric constant. 

[0039] While the foregoing is directed to embodiments of the present invention, other 
and further embodiments of the invention may be devised without departing from the 
basic scope thereof, and the scope thereof is determined by the claims that follow. 
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